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ABSTRACT: 
I 

PROBLEM TO BE SOLVED: To obtain a large 8s&&e displacement by forming a 
common electrode on one side of a resiliently deformable plate of jj&jg^feffi^ 
material provided with bends at a constant and forming an individual 
electrode selectively at the bend. 

SOLUTION: Curved parts 2, 2, 2 shaped like ship's bottom in the longitudinal 
direction are formed, at a predetermined pi&& on a resilient plate 1 of about 
7&mu/n thick made of a material, e.g. PZT. The resilient plate 1 

is provided, on one side thereof with a common electrode 3 and, on the other 
side thereof, with individual electrodes 4 independently at deforming regions, 
i.e., the curved parts 2. When a driving voltage is applied between two 
electrodes 3, 4, the resilient plate 1 is contracted only at the region 
sandwiched by the electrodes 3, 4. Consequently, the resilient plate 1 is 
displaced outward and the curved part 2 becomes shallower by <£Delta;H. When the 
electrodes 3, 4 are discharged under that state, the resilient plate 1 is 
reset A maximum can be attained by applying a drive signal 

selectively to the common electrode 3 and the individual electrode 4 in a 
region to be flexed 
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*£3r6E*fi»?J-- -y 

tTk. fla^^j£S;h^2a£»ifcJ: MfELT 

k. 

i 1 2 ] meiftnRs&nmBfls i . as 2 *>s*f 
* Lfc^m-cfTi:*^ § m&fl 7 1 1 « 1 

imm 13] mi *>S*M«E;WyiSI: =5rSP0»*« 
#*3fifc Jfe***— rr* £ 7 71£ 1 1 <0 1 tffi 

[SWtJB l 4 ] E®fm*»S>3r 0 . aSt£E*H4S 

20 (c^iflrf « J: -5 idHm^. ii&m£&%<bi>m 

ieE^i^±^(;tt*&-r a -r y?mn t , «riBE*^ 
W!E38t&£frb4 >?<nm&* , g.VX4 y?m*t 

30 hsSf&S'SyRCi^vT. 

*f4-f y?^x >y h^leUKv H. 

BirfEWttigcoisr^^ i -m2fex'bmim 1 4 ^tem 

>y h5CIBiK7 h*. 

[ mem 1 6 3 frf i®mL<Dmmm<?)mmzmw\ 
mm^mmti. mm. wmRtitmt&mtmiLztL 

TH4i9*JS 1 4 tEO<0-f y^ xi -y hiCie^K-y 

40 [i9*^i7] mzmim<nmmMi®?>wk%z>m 
mmmmmfca fix »imo* 14,15 tiass 

eo-<y^^x<y NsCIEil^-y H. 
[m>m 1 8 ] Birl£5¥tt««OH?IB?§flg5Sray)l» X -5 
fcitSMI^Rtt^TV^IlWWIl 6 CO 1 tcf B 

[10^9 1 9 ] «HS*W»A«Ktt4>fir v^iBkWifl] 

m<mit>tix^&m$<®i stieifi^EmsB^j-- 

50 [fiW<«2 0 ] fJE*'*-***. «rC»t£«i(OfflJgd 
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[000 1] 

SS^ttitJS-frS'f y?^x7 h^iES^-v KfcSffcSSL 10 

mum y? >-'x >y hasafrvy Ftuw-* . 

[0002] 

mffi^'j-y^-b^K*^ JfiH-tttJEEWTO* 

fc», Witf1«BBafi2-ioi455^l8t:fi^*i4 i 3 (c 

X,r±TPWR fc * 5 J: o K 2 fte>«fi£ ft 0 ft ftfc T 9 
f-aX-^iSSKSfrCHS. 30 
[0003] 

-•ybtciWf. Kffl^^'J-^hOJSW. 

JWWI^^M6flift«*jfi«i:^&ii:&<s ***** 
*«ttSr»* - 1 i>-ttf»itf)EE«Ki&l 1 i - 7 

[0004] *%BHW»20BKlli. ±IEffi©BB^i 
->y hOW6*ifetlBKt fcit-Tft*. 

[0005] *fc:«HHtf>J&3<0l»Ut, JLIEfflSift 
fa^ -y h Srffiffl Ut-f y ? i?x. 7 1*5*13*^ v H 

[00063 50 



[0007] 
[0008] 

Lfc50Mitca6-Sv^Ttt*r4. HlWtt*DJtf>£E1i« 

M^jl- > y h 5 ^-SatM**"*- fc X , H+flF 

"C*^*l*l*«Kffli:-f*»llll»2, 2, 2A%)£$ 
^fc£D£iim«§3A«£;h., 4fcflKr*>ECtt. £ 

[0 009] £c7)Hjtgf?J£&^T. 2tfccom®3, 4K 

m t izmti^mmrnnmm tx.mi < a > 

L/c J: ? C» ffiSP 2 J: 0 3Wf ttSiiTV ^ffliizOL-o 
ffit&kdtzZcD&mHtftZitZfrti. IS*WK»ft 

2 *<±^ ic@n lt a h mm < * & . 

[0010] i<0*9BT» miB3 . 4<0WfSrlWIS* 

& . wit« 1 14» ftss 2 mmzw 0X0 tc7cw«® 

fc1g»t* (01 (-f) ) . UlT, i«)J:a(cKJl«ffi 

3 kfc*>»se#S't4'<*flw<owflW4 tcawwte 

S 3£&fc^£ 6 - fc t J: 9 , 1 ttflBl^Wttffi 1 OfiJM 

«ffi* s ft 9 ft if d> tiX v> h mWd ti^&WWflzti 

[00113 bZbT. Zc?>£ -5 izm&LZixtiEmwm 
ft^3lttlgcoJ?^«0 1 «BS2«a«fcaHRt* t . ft 
[ 0 0 1 2 3 H2(i, lasoBEWHH 1 ^ 7 h^SSt 

irm-mmmi:^i-h<ox'h^x. pzT^offmw 
Wfcj: o^stifc/'j-yv- b 1 o<D-if<7)mm 

4/Sfa*<0®tfflJJWMS12*Jg*-f6 (I) . 
[00 133 »lfliaf<0»ttC-Srt-6D!B» 1 3 a«<«j£ 
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-tTC-'-M 0£-fe?M-4fcfct>fc. ±Sttl45r-E- 
cOflgB 1 4 a AWMffiCatfa-fS 3 fc{iH&#> LT 

(II) -£0E^)T-»Ei-|»t» /'J-yy-MM 
tg®#MS*t 13,14 ?)M;:j3yS5£ ft £ ( 1 1 1 ) . 

[0014] M§im>h?V -VI/- MO 0 iOii' 

% *) , t tzmtt i3.i4 <ci**&t -enfeoff * & 
jwtfcttire/y -y^- h 1 o s-t? s 7 ^trct* & 
ajt, Wijf 1 2 0 0- cmsr^t-r § £ fc fc j: o . 

Stfl3. 14003013 a. 1 4 atf)»ttte8tt-R 
Lfc»|H|*17£#**»tt*18fc. -tftfOffifclift 

ass 19,4 fcflKrwfficoaaaa 1 7 fctirais 2 

OS:fflifcE«B»^JLiy H&*£ifttS (IV) . 
[0 0 l 5] ±a<^atWfcii^-C«, ?V-y 

is- h nmx'&m& 1 1 Rismwm®. 1 2 ^ 0 # 
fcHttoaa (03 (id din > tjs»s »stT 

S*fl3. 14<0IHi!il3a, 1 4 a<^)»«tJ5»-» 
Ur8l&gi51 7«r#t*Ptt*l 8*»lftL (IV) . - 
^BfcitjI^g 1 9 . 4fcffcfr*)lll*)» ftgi5 1 7 fcfg 
itffi2 0^I«W7?ijy^:J; Uf^OWt (1 
3 (V) ) rt>J:v\ 

[ 0 0 1 6 ] 04 «. £E«li«)^i^ >/ btf)$g3t;frj£<7) 

sm^SEj^rfs^JOTstmciosjimii i£. * 

fcft;Sr«0M£HJ5'J*ffi 1 2 U $ fcflBHltffi 1 
2 Oflffifc±Mtt 1 4 TflNESfifc t § , tti&ffi 1 7 & 

[0 0 17] iOS'-M OfcjMMPl 7«>»ttfc-S 

+i\m 1 3 a*«»*siifc-ra!*r 1 3 fc , duram 1 

5Srff Loft4S««)0!l«l 4 b fcjWtt£S*ifc_kffl& 
1 4 fc fcj&^AT (II). -Jg*>£E&TWff-*-& fc . 

r>TSE#U *fc£3I«ffil lUtfSttl 3iODfla51 3 
afc«r>-CSSBt4. 

[0 0 1 8] piSSftl 3, 14H/';->i/-M0 

*jr o aj-rs o . *fcwffl*r 13.14 

?fl:?& Witf 1 2 0 0- cngx-mfrth b 

(III) . fta<O&a-CJ&0ffittl 5«LTifll 
30KHB1 3aiJ*»»*fl 5W#Kfcl5flMftl,fc» 

flSB 1 7 fc^wawtHs 1 8 fc, -Kcomwmmim 

1 9 . 4fcfltfiT<oaoWttai 1 7 Wi?BMmH2 0 
iitfftBffi^ 7h2i ( iv ) . 
[0 0 19] fcfc. 04t^LfcHttffHc*J^Tt. 13 

3 uzmmm t mmzxmwm 1 1 Rx/msmm 1 
2*«§^r^ : 5r^^y-y>— 1 otw^ms 

«15t.Mttl3. 14(=J:i9J«Ji«*»J«U 

ttfcftjras 1 1 msmflffl& 1 2 £i&«-t tmrnoft 
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[ 0 0 2 0 ] 13 5 (2. _B£ LfcEEfHBB^i- 7 b 

fflLfc^f y^^*x7b^iEii^7 vo-mm&fitt* 

2 3£»J***Ofc3BU:»&. Witf 1 5 Ox/m*)^ 
A-=j-7&fcV)-t7$ v7*«fcEM84fc2 30ffim 
fc-R UciI?L£-£ e 7 *-«MR LT fM£*vt ^ 
*. locOPJSr^fc, E*«4S2 3tt s yX/HHP 
tf)K5(l 9 0dpi fcfc** 3fc«*»l 9 07® 

10 2 1 0/tmmKt'. :K§#72mm<£>-tM XSr^LT^ 

[0021 ] E«W^U. 5HU M^E«H»?J-- 
■yK', X^— 9-2 2 0-*fl5E*»jh-fSS»«i:L 
■C«BET*4J:dK. i<o»ft»l7<otBJI8fci5»Ji 

JS. (il50Atm. IJ2mm, 1 50//mfiOJE^ 
«4fi2 3fc«tTs *<0*»«5S^ofiU:, »4U 
<«3 0^mSKJa±K»Jg*fl , C^r, -jRWtJiW 
ttKl 8<0ff*ic«UT l^S2«SBKfcRJ6$<iTV^ 
*. 

20 [0022] 2 6(S. £E*«tS2 3^fl&B*it±1-i 

1 «OJSfflfL2 7 fc . ff^)^S2 360fl!lJgT' 
Wtth% 2 tfOiljifL 2 8 fc ^jgSfit ^ h . 
[0023] 2 9(i. -»1M2 6 

30 [ 0 0 2 4 ] 3 2(2;, itilO'f ^Mt, *il<7) 
-fy^S3 3«r»iW*tcaLfcW». W£tfl5 0jtx 

Jg«lCilfL5:^-ra fc fc tie, E^I%^M2 3 fc / X 
;HBP3 6 fc S:^fr*aSi?L3 4 £8l&bTlfj££*l 

[0025] 3 5(^fi^^rfc'-f ^CWLTBMttt 

S2 3OWl»rt40BK:fiyX/HI!P 3 6*^fg§nTV , « 
T.iIjlfL28, 31, 3 4 5r^-LT#JE^^^a2 3 
40 tCiSifi-ri. «t 3 K, J»fl»7 ;PA»OBaKW« 3 7 fc 
J: Ofta^-f y^^fi!c«3 2fc-*fc«*3ivC^ 
5. 5rfc, H+ff^3 8tt>fy^«»PWJft3aR2 9fc 

y^msmm3 2 fc ts^-***swt>s 

■r. 

[0026] iOHjtfifylfcii^T , BE^?teS2 3 fc» 
|6|-r6 2ft««M3. 4fc»BjE^EparfSt, 5¥tt 
«[ 1 3 fc 1ES4 fc fc»4#ifca«Kf WflMI U 
"C, «Ti4tteJ:^fcfc>jsLfcj:dfc«ia»236«JbSrfc» 
SlLTS§* { AH^H-S<^* (El (o) ) . 
50 [0027] ZMz£ 0 , frm.tEM.1 30Sffl*^P 
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lX&®co-i y?^3 3<tW y?tf4 y?tt&P3 0 i 

[0028] Z<7>WBXWk3 . 4 fctfl/CStt* 1 O 
flfii?*lWI3€4 k . 3¥ttl£ 1 l±» tt35 2«>#RIC«5 
i'5fc:7cWKIBtfi»LTJEE*«4S2 3 

y X/HSIP 3 6 *» ^ y ^ »fc ttfflf 6 . 

[ o o 2 9 ] .r<o j: o mm. i m2 tnt 
mz^zw&£it®Lx.wmi<7>m.w.mm 10 

*(cSHB5fl:*)Bi i k , E^8£S 2 3 
RtttW>fc»*)E*»£SK2 3<08toG«/h*a«*& < & 

-T4. 

[ o o 3 o ] its, ±a<oiafcW{ctJ^-C{i— 
3£*tjlt;gk LT®j£LT^4#. 06K*LfcJ:5 

fcffi*«4m2 3 fcsaj-f *«fi3 9 iZEjixagm 
[ o o 3 1 ] 07 (s. xmitoBsaMm?^ v hoflfj 20 

TStfceOTfcoT. i«H»WfcfcV^T«»*jB205 
MgPk &4fflO>MttiLtfc, WttlEl <fc 9 fcHtttf** 

2 3^*^*mfcSK/s«a»we«4 o**R»t<»*iTv^ 
4. 

[0032] ;*>HttW*)J:illf » fflg|S2«£$ft.-C 

wmmmtA 0 1 1 k aMascAV * 30 
fc4h 4 y^flnEiSKoE^c+Mtt 4 i k #-c# % 2& 

>f y? SrJPff-tS d k £ . 
[ 0 0 3 3 ] frts, Jh»OSIttW(=*i^TliEa«£a 
2 3HSrfli:'f*J:5fc»llll«2S»jRUTV^*<, B 
8tewU:i 9 tWfflSrCikf 6 J: 3 £»i8!tf 2 

U «iJ^iS«4 0S: ! eSk1-|>^ttiJE^4a2 

3MtiiMtT ±$mwtm*9i*h . 

[ 0 0 3 4 ] Jj2to»»WtCimTliEa»ifeS 
23lc^4TO3«|fflStfTV>4tfs f»»«:IMFL 40 
=5ri ««^)J?». W*. If 1 u mg«<offtlflW1MM 
JR. ^3^r*Offlfc1M3e3Sait»«L-C«fl53 
*4y?*>&H»*-4£fcfcJ:D. «ffi3««B!*IS6± 
■T4£ti6 , T*4. 

[ 0 0 3 5 ] s h izij&ommiz&^zte, x^-^r 

2 2tafiWf2 6fc*y;P3r.rt:J:0»«LT4*». 
T/P 5 -*-*«0fc<O-fc 7 5 «y 9 WTHMW 4 i k t . 
Sfctcttiftfex^— V2 2, HKff2 6. 5*1415 lk 

fcRI-WE«tm*flffi^4 k » i*tfe&-«*:»jaw- 

4£fca r, CS4. 50 
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[ 0 0 3 6 ] H9<i. *3fiK*0flE«Bft?a--.y hcoffi 
C0HSS^)^*-tt)(?)T-J)oT. H«Wf^4 3 . 4 4(i, 

354 5 £#j£U &AS4 50gUfi£f9ife&4 6, 4 

6, 4 6£ffitjJ;3(c|&ltTHfckLT§$tt1££Jfti£; 
U *JE«*H^afR4 3. AWti&WzmX&A 
1, 4 8&»(tfct)«5-C*4. 

[0037] ^<ontt0fcj:tLtffflum4 6 k*am 

ffi4 7 , 4 8k Izft-Ufiwmm^ 1 4 J: o tzRUffi 
^£ ffljlrt- 4 k . Ki^ k R4RCC»iHiaC4 5 *<^fi-T4 . 
iOHWffltfcV^TIi. El«f40#|g4 3 , 4 40JS 

tm§-tt4^k*^k^0. &NBmmteb% 
4o 

[ 0 0 3 8 ] H 1 0I±. JaiLfcESfiS^JL^. ■yhJ 

cOT'ft^T. V*flSP4 5* { ^-^2 2cr)ff^^g2 
3fc*4 0at?J:3fctTfflSgSn-Cii9. itK^ffiv^ 
WWJET^f y*»£BfcfflS-£4£fca*sn£fc&4. 
[0 03 9] Hi l(i s *5HB^)E«WFi=. 7 
flOTSatMiSri^-Cft^T. Hlt^LJtE«Jgi) 
fa- >y h £7)^ft« 2 ttX I % 4 ffl»ljm«i4 <m. 

#<7)?t*^ 5 0 tRJtr E«SBB^a- y h 5 1 k Lfc 

[ 0 0 4 0 ] H 1 2tt. H 1 1 fc^UfcE^ttB^J-- 
•y b 5 1 *fflV^fc>f -y h^feH^-y KO-UJI 

M?r^-rtO-C#>-5T. #»ft»2<0CiaflHI#^^— t 
2 2 ^g-E^^4S2 3 tc^t OatrJ: ? tEWHHHf 
••/ h 5 1 IrX^--^ 2 2 fcH£ tT -f > 9 i/x. >y K 
«/ H tc» ^>ixT V > 4 . 

[004UH13M:, ^mmEmmm^- vhco 

«niUffi20l!!lffiCQ 1 1 C*Ufe*S*5 0W(Sw 1 
<fc 0 fc«=F«w2*q)|V^3WMfc5 2 5riS«t4 k k fefc. 

SM^^ttgc 2 comzmt^mm 5 2<r>®mz$m 
th%2 vmim 5 3 zmxm&m=f-3-- -y h 5 4 

fet>OT*>4. 

[0 04 2] Ell 4(±. Ill 3\ZwL12EWBMFh3-- 
•y b 5 4 ^ffiffl Ufe-f y ? i^x -y h^lSJIK -y F^-|g 

■9-2 2<0E^l%4^2 3fc«i OatrJ: dfcEffiBBHF 

J---y b54SrX^— 9-2 2^11^1-4 ks ^2«03t« 
»5 2*5E^*M2 3$tKHLTv%4HM^S(c^ 

[0043] Sll 5J±, *»!B<0E«B»^i=. > y 

«-«ftas2coOHa5(c. »li«2^»«kttBftb l )4< 

±^r*<fl k * 4 J: 5 5 5 S:fg(tTEmJSIS-?a- 
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[00 44101 6(4, 01 5fc*U:JBHH&?a-=- 
v V 5 6 £i$fflL£>f xx -y fiyeHKy 
ttWfc**-«>«>-C*r>'C. *»fil»2«0««lto f x^- 
*2 2<G#1£W6^2 3te«* Oatf J: dttJEWHUl 
fa- <y h 5 6 £ X^.—f 2 2 izm&bX 4 y ? x"x <y 
hEM^y KfcttbfcivO**. HI 714. 

nmm&zti v vc <i»as 2 tzm ^-thm&zmm-m. 

9*2ffBWLT5HHRfcU SffiSWKiifc-Wi-WL 
ftfflm® 60, 6 1 *#j£ U $^ tc«A9 2 K±J * s 
Qi:=5:^5E®^6 2^tTESS» : f^---y h6 3fc 

[004 5] Hi 8(4, 01 7 iz^irzEWMMH'J-- 
v h 6 3 *flWILfc4 xx -y h5Ci5«K-/ KO-H 

■*2 2W#flEfl»4S2 3fc*4 OSitf J: 3W±«SS» 
•f jl - > y b 6 3 £ X^— t 2 2 ICllJg L-T >^'i7 

h teiiK -y k £>*lT V * h . 

[0046] HI 9(4, 09. HI 1, 5.1>'H13^ 

SlO/i m^3Wt«fci»IJ fit 1 5 0 ju m*) e v f"C 

*>ttftj&»^ HI lfc*LfcJ:3te»ft*2*>|!!l»lc, 
»lft*2<0»ttfc-Srt-63E«Bi5 0*»»t*i:. *3 
frtflWfcibaSV** S^fitf £ 1 4 £ fc & . 

[ o o 4 7 ] H2 oiti^Ltz&vmm^-v h^m 

jst (i) . zbtwumi 20*m&emib% 

7%cr>?v-y=/-yi ozmmth (ID . 

[ o o 4 8 ] m o ^n^n<r>mmz-m-h 

\m 1 3 a**3BSS*ifcTfi» 1 3 fc . flSUattf 
JEJjSSfifcJhatr 1 4 fc Cr&^/IT' (III) -Jg^E ' 
JjX'WI±tZ>t. ^'J-yx-hl 0, mi 1. 12 

/y -y t- 7 o^sMtt 13,14 o»«fcjfi 

[0 0 4 9] PTO^/'J-yx-h 1 0£ft£H>3 

im-* 1 ). 4fcpatri3, i4K8«a*-j&ojByj 

« , *>Jtfc*0B , C^ U-y v— hlOH5 5-/ ?fcT'£ 
6?SS, flUtfl 2 0 0' CgRTJWW-Sifcfc.fc'J 
(IV) . EWfO/'J-yi'-MOXWEIftti 
6^y-yx-b70* j mW^S-y?fc : 5r9, 3? 

[ o o 5 o i , zcommmizh^xti&mmm 1 1 
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>3 ft fc«8-ctt* lt v >* *\ &mmm*msm 
izmm^^vtvysmzx ^m^Lx^wmmm 

[00 5 1 3 *fc±»«Htttf«c4JV^li. ffittlc J: 9 
5©»«SrK»tTV^*«. ffi^Hltc^UrEfflSiH 1 
a- v h 5 OKAS 2 fcJWHFtt*W*JWr tT i ft 0 
Wra^fcj&T&i. 
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